Abstract: Digital simulation was employed for the solution of the general polarization curve equation of metal deposition processes. By approximating the dependence of the exchange current density on concentration with a linear function for one-and two-electron transfer processes, an error lower than 20 % was obtained.
INTRODUCTION
The general equation of the polarization curve for metal deposition process according to Newman, 1 can be given as:
where j is the overall current density, f a and f c are defined as: J is defined as:
where E is a symmetry factor of the energetic barriers.
For a two-electron process, 1 assuming the first electron transfer is rate determining in the overall mechanism:
Me 2+ + e -= Me + (slow) (7) Me + + e -= Me (fast) (7a)
J is defined as:
If J is not equal to 1, simple analytical solutions of the general equation of the polarization curve in terms of formal kinetics are not available and different numerical methods must be applied.
The aim of this work was to deduce whether the approximation of the value of J equal to 1 could be applied for the solution of the general equation of the polarization curve in a qualitative or quantitative manner.
RESULTS AND DISCUSSION
For one-electron transfer processes given by Eq. (5), it can be calculated that the anodic and cathodic Tafel slopes have values of 120 mV/dec, while for two-electron transfer processes given by Eqs. (7) and (7a), the anodic and cathodic Tafel slopes have values of 40 and -120 mV/dec, respectively.
On the other hand, surface and bulk concentration of the reacting metal ion can be connected with current density using the following equation:
where j L is the limiting diffusion current density (note: Eq. 
or:
as the general polarization curve equation.
In the first approximation, assuming the value for J § 1, and with further rearrangement, a simplified version of Eq. (10) is obtained:
Simplified mathematical treatments of Eqs. (12) and (13) are widely used in qualitative, and in many cases in quantitative, discussions of metal deposition and other electrochemical processes. It is again necessary to note that both equations are approximations because the value of J is not unity in many cases. Different numerical methods should be applied in these cases, as suggested previously. 3 Hence, in this work, digital simulation was performed for one-and two-electron transfer processes and E = 0.5. Obviously, for a one-electron transfer process, the values are as following: J = 0.5, f a = 10 K/120 and f c = 10 -K/120 , while for a two-electron transfer process Ȗ = 0.75, f a = 10 K/40 and f c = 10 -K/120 . The polarization curves calculated using Eqs. (11) and (13) for the ratio between | j 0 /j L | = 10, 1 and 0.1 are shown in Figs. 1 and 2 .
As can be seen from Figs. 1 and 2 , the approximation of Eq. (11) by Eq. (13) is acceptable for qualitative purposes at practically all overpotentials and ratios of | j 0 /j L |. On the other hand, quantitative approximation is valid only in the overpotential region where the Tafel approximation could be applied.
The relative error, given as the percentage difference of the current density between Eqs. (11) and (13), is plotted as a function of the overpotential in Figs. 3  and 4 .
From Figs. 3 and 4, it can be seen that the maximum difference between the values of current density calculated using Eqs. (11) and (13) is about 20 % if Ȗ is 0.5 and about 9 % if Ȗ is 0.75. Hence, it can be concluded that approximation of the general polarization curve for the case of J = 1 can be used in all qualitative and some quantitative estimations with a maximum error lower than 20 % for the cases under consideration.
